Background
==========

Diabetic nephropathy (DN) is one of the most important causes of end-stage renal disease (ESRD). Hyperglycemia is a necessary precondition for development of DN, which features an increase of the mesangial matrix and hyalinosis of glomerular arteries ([@bib1]). Tervaert and coworkers developed a consensus classification of DN for both type 1 and type 2 diabetes mellitus, which divides patients into four classes based on glomerular lesions (class I, class II (a and b), class III and class IV) ([@bib2]). In addition, DN is classified into stages 1--5 based upon the estimated glomerular filtration rate (eGFR) and urinary protein excretion and/or albuminuria. In stages 1--3 of DN, eGFR is ≥30 mL/min/1.73 m^2^, while eGFR is\<30 mL/min/1.73 m^2^ in stages 4 and 5. Stages 1--3 are separated on the basis of urinary albumin or protein excretion, as follows. Stage 1 is called prenephropathy and is defined by urinary albumin excretion of ≤30 mg/gCr, while Stage 2 is called incipient nephropathy and is defined by urinary albumin excretion of \>30 mg/gCr and ≤300 mg/gCr. Stage 3 is called overt nephropathy and is defined as urinary albumin excretion \>300 mg/gCr or urinary protein excretion \>0.5 g/gCr ([@bib3]).

It is known that intensive glycemic control improves prenephropathy (stage 1) and incipient nephropathy (stage 2) ([@bib4]), but there is no consensus about its effect on overt nephropathy (stage 3). Moreover, the effect of intensive glycemic control on progression of renal lesions has not been reported.

We report a patient with type 1 diabetes mellitus (T1DM) and overt diabetic nephropathy in whom progression of renal dysfunction and glomerular lesions was prevented for 15 years by intensive glycemic control using an insulin pump.

Case presentation
=================

In 1980, at the age of 30 years, a Japanese woman was diagnosed with T1DM. Her mean hemoglobin A1c (HbA1c) was approximately 10% on insulin therapy, although her blood pressure was controlled well by enalapril 10 mg. In 1996, at the age of 47 years, serum creatinine was increased from 0.7 mg/dL to 1.0 mg/dL and proteinuria was increased to 3 g/day.

Investigation
=============

At that time, the patient was 158 cm tall and weighed 54.6 kg, with a blood pressure of 116/70 mmHg and a temperature of 36.7°C. Laboratory findings ([Table 1](#tbl1){ref-type="table"}) were as follows: white blood cell count: 6000/μL; red blood cell count: 3.92 × 10^4^/μL; hemoglobin: 10.7 g/dL; total protein: 6.3 g/dL; albumin: 3.6 g/dL; urea nitrogen: 13 mg/dL; serum creatinine: 1.0 mg/dL; eGFR: 35.9 mL/min, total cholesterol: 211 mg/dL; CRP: 0.0 mg/dL and HbA1c: 9.2%. Her 24-h urine protein excretion was 3.05 g. Moderate non-proliferative diabetic retinopathy (NPDR) was noted. The first renal biopsy was performed.

First renal biopsy
==================

Light microscopic examination of the renal biopsy specimen revealed global sclerosis in 2 of 10 glomeruli. The preserved glomeruli showed an increase of mesangial matrix with mesangiolysis, but mesangial expansion was smaller than the mean capillary lumen area in \>25% of the preserved glomeruli and nodular lesions were not observed. Immunofluorescence (IF) demonstrated linear deposition of immunoglobulin G (IgG) along the capillary walls. Electron microscopy (EM) revealed that the average glomerular basement membrane (GBM) thickness was greater than 395 nm. Class IIA DN was diagnosed according to Tervaert's classification ([@bib2]). Interstitial fibrosis and tubular atrophy (IFTA) occupied less than 25% of the total renal cortical area and interstitial inflammation was only seen around atrophic tubules. Arteriolar hyalinosis was absent, and interlobular arteries only showed mild arteriosclerosis with the thickness of the intima being less than that of the media. The score of interstitial and vascular lesions of DN according to Tervaert's classification ([@bib2]) was as follows: IFTA, 1; interstitial inflammation, 1; arteriolar hyalinosis, 0 and arteriosclerosis was 1. The total score for interstitial and vascular lesions of DN was 3 ([Fig. 1A](#fig1){ref-type="fig"}). Figure 1Renal biopsy findings. (A) First biopsy: light microscopy displays mesangial proliferation with mesangiolysis and mild tubulointerstital fibrosis. (B) Second biopsy: light microscopy reveals mesangial proliferation with mesangiolysis and moderate tubulointerstital fibrosis. E-MT, Elastica Masson trichrome stain; PAM, Periodic acid methenamine-silver stain; PAS: Periodic acid-Schiff stain.

Treatment
=========

Clinical course
---------------

Continuous subcutaneous insulin infusion (CSII) was initiated with an insulin pump and her HbA1c improved to 6%, while the frequency of hypoglycemic episodes was not increased. Serum creatinine decreased to 0.8 mg/dL and proteinuria decreased to 1 g/day. Subsequently, there was no progression of renal dysfunction for 15 years. However, renal function began to decline from 2011 and proteinuria increased to 2 g/day in July 2013, so a second renal biopsy was performed.

At the time of the second biopsy, the patient weighed 52.5 kg, with a blood pressure of 157/88 mmHg and a temperature of 36.7°C. Laboratory findings ([Table 1](#tbl1){ref-type="table"}) were as follows: white blood cell count: 6400/μL; red blood cell count: 4.85 × 10^4^/μL; hemoglobin: 14.4 g/dL; total protein: 7.3 g/dL; albumin: 4.1 g/dL; urea nitrogen: 28 mg/dL; serum creatinine: 1.22 mg/dL; eGFR: 35.1 mL/min, total cholesterol: 231 mg/dL; CRP: 0.0 mg/dL; HbA1c: 6.8% and glycoalbumin: 16.7%. Her 24-h urine protein excretion was 2.21 g. Funduscopy revealed the same moderate NPDR as that seen 17 years earlier.

Outcome and follow-up
=====================

Second renal biopsy
-------------------

On light microscopy of the renal biopsy specimen, global sclerosis was detected in 6 of 23 glomeruli. Mesangial expansion did not exceed the mean capillary lumen area in \>25% of the preserved glomeruli, and there was no nodular sclerosis, so DN was class IIa according to Tervaert's classification. On the other hand, interstitial fibrosis and tubular atrophy occupied more than 50% of the total renal cortical area and interstitial inflammation was noted around atrophic tubules. In addition, more than one arteriole showed hyalinosis in the entire biopsy specimen and the interlobular arteries displayed mild arteriosclerosis with the thickness of the intima exceeding that of the media. The score of interstitial and vascular lesions of DN according to Tervaert's classification ([@bib2]) was as follows; IFTA, 2; interstitial inflammation, 1; arteriolar hyalinosis, 2 and arteriosclerosis was 2. Thus, the total score for interstitial and vascular lesions of DN was 7. Both interstitial and vascular lesions showed progression compared with the first biopsy, although glomerular lesions were unchanged. IF and EM findings were the same as before ([Fig. 1B](#fig1){ref-type="fig"}).

Clinical course
---------------

Intensive glycemic control was continued thereafter. Before the second renal biopsy, blood pressure was controlled by only enalapril; however, after the second renal biopsy, blood pressure control was difficult so enalapril was changed to olmesartan, but her renal function continued to deteriorate. In April 2017, at the age of 67 years, hemodialysis was started after serum creatinine reached 8.8 mg/dL, and she developed congestive heart failure ([Fig. 2](#fig2){ref-type="fig"}). Figure 2Clinical course.

Discussion
==========

In the present, T1DM patient with overt DN, marked progression of renal dysfunction and glomerular lesions was prevented for 15 years by intensive glycemic control using CSII.

The Diabetes Control and Complications Trial research group (DCCT) demonstrated that T1DM patients with normoalbuminuria or microalbuminuria achieved improvement or maintenance of renal function on intensive glycemic control ([@bib4]). However, there have been no randomized studies investigating the influence of glycemic control on renal function in T1DM patients with macroalbuminuria. The American Diabetes Association emphasizes that the HbA1c target should be individualized for each patient and that improved glycemic control prevents microvascular complications, suggesting a reasonable HbA1c target of \<7% for adults with diabetes or \<8.5% for patients with advanced microvascular or macrovascular complications ([@bib5]).

Improving the control of blood glucose may prevent deterioration of renal function. A retrospective cohort study showed that reducing HbA1c from 10% to 8% could decrease the cumulative risk of developing ESRD after 15 years for T1DM patients with overt albuminuria to 29% compared with 45% for standard therapy ([@bib6]). Moreover, normalizing blood glucose may prevent further progression of renal lesions or allow recovery. In T1DM patients who received renal allografts, intensive therapy prevented worsening of glomerular lesions after 5 years, unlike standard therapy ([@bib7]), while T1DM patients undergoing pancreatic transplantation showed improvement of glomerular lesions after 10 years of follow-up ([@bib1]). In other T1DM patients undergoing pancreatic transplantation, tubulointerstital lesions showed progression at the 5-year assessment because of cyclosporine therapy, but recovered at the 10-year assessment because of a lower cyclosporine dose or prolonged normoglycemia ([@bib8]). In our patient, intensive glycemic control prevented the progression of glomerular lesions, but tubulointerstital lesions still became more advanced. Arteriolar sclerosis and arteriolar hyalinosis were advanced, so interstitial lesions might be caused by ischemia. This may have been because intensive control with CSII does not completely normalize the blood glucose level or because the patient's blood pressure was not controlled sufficiently.

Generally, both glomerular lesions and interstitial lesions are progressed in DMN patients so this case seems to be peculiar; however, there has been no report focusing on the long-term effect of intensive glycemic control on glomerular lesions and interstitial lesions without transplantation so further studies are required.

On the other hand, intensive glycemic control increases the risk of hypoglycemia. In the DCCT trial, there were 62 hypoglycemic episodes per 100 patient-years in the intensive therapy group vs only 19 hypoglycemic episodes per 100 patient-years in the standard therapy group ([@bib4]). Hypoglycemic episodes increase the risk of mortality and cardiovascular disease (CVD). In a Taiwanese cohort of 10,411 patients with T1DM, hypoglycemia increased the frequency of all-cause mortality and CVD (with an adjusted odds ratio of 2.74 and 2.02, respectively) ([@bib9]).

CSII reduces the HbA1c without increasing the risk of hypoglycemia. In a randomized, open-label, cross-over study performed by Hirsch, CSII improved the control of blood glucose without increasing the risk of hypoglycemia compared to multiple daily insulin injections ([@bib10]).

In conclusion, a T1DM patient developed overt nephropathy and showed a rapid decrease of eGFR during the 16-year period after diagnosis. However, after intensive glycemic control was initiated using CS11, renal function did not worsen for the next 15 years, and there was no increase of hypoglycemic episodes. This case indicates that intensive control of blood glucose can prevent the progression of glomerular lesions, but may not be able to prevent progression of interstitial and vascular lesions. Exacerbation of interstitial lesions may have contributed to the decline of renal dysfunction in this patient during the last 4 years before hemodialysis ([Table 1](#tbl1){ref-type="table"}). Table 1Laboratory findings.T1DM diagnosedInsulin pumpHDNormal range19891996 (1st RB)20112013 (2nd RB)2017Blood pressure (mmHg)128/82116/70140/84157/88141/63\<130/80Hemoglobin (mg/dL)10.010.715.014.411.911.3--15.0Urea nitrogen (mg/dL)141424281178--12Creatinine (mg/dL)0.71.01.01.228.830.65--1.06eGFR (mL/min/1.73 m^2^)8735.944.035.14\>90HbA1c (%)11.08.96.46.85.7\<6.5Urinary albumin excretion (mg/gCr)29.4NANANANA\<30Urinary protein (g/day)NA3.051.142.218.89\<0.1[^1]
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